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SUMMARY OF SHOT DATA, OPERATION TEAPOT

Latitude and
Shot Code Name Date Time* Area Type Longitude of
Zero Point
1 Wasp 18 February 1200 T—7—41 762-ft Air s os: 1 .me::
116 o1 18.73¢8
2 Moth 22 February 0545 T-3 300-ft Tower "‘: ": “-"“::
11 o1 15.6987
3 Tesla 1 March 0530 { T-9b 300—ft Tower st or! suast”
116 02 B1.0077
4 Turk 7 March 0520 T-2 500-ft Tower s oa: u .au::
116 or 0s.1878
o 1
5 Hornet 12 March 0520 T-3a 300-ft Tower o0z zs.ms::
118 [ )] 31,9814
6 Bee 22 March 0505 | T-7-1a £00~£t Tower R
116 01 258474
7 ESS 23 March 1230 | T-10a 67-ft Underground | 51, 1) o.i48”
116 02 $7.7010
8 Apple 29 March 0455 T4 500-ft Tower s oi: a.mo:"
118 [ ] 09.0040
9 Wasp’ 29 March 1000 | T-7-4t 740-ft Alr ORI
11¢ 01 18.73¢¢
o 1
10 HA 6 April 1000 | T-5% 36,620-ft MSL Air N
11¢ 03 28.2824
° 1 1"
11 Post 9 April 0430 T-9¢ 300-ft Tower 301 1965
11¢ 02 03.8880
12 MET 15 April 1115 FF 400-ft Tower “ u: n.cm::
11§ 113 44.1088
° 1 1"
13 Apple 2 5 May 0510 T~1 500-ft Tower 0 LI
i1e 08 09.4937
) o "
14 Zucchini| 15 May 0500 | T-7-1a 500-ft Tower ol asme”
. ' e’ s

* Approximate local time, PST prior to 24 April, PDT after 24 April.
t Actual zero point 36 feet north, 426 feet west of T—7—4.

1 Actual zero point 94 feet north, 62 feet west of T—7—4.

§ Actual zero point 36 feet south, 397 feet west of T—5.
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ABSTRACT

Even though future atomic attack via intercontinental ballistic
missiles Is an evident possibility, there exists at present no known. ..
system of-defense...It-is apparent that any defense system will require
a warhead with a large lethal radius; hence, thﬂ possibility of using
a-nuclear warhead. is being strongly.considered.\JThe test described
herein was conducted to provide preliminary information on the thermal
lethality of a nuclear explosion.

30lid steel and aluminum spheres and hollow steel cylinders were
exposed atop lightweight television towers at five different ranges
within the fireball of Shot 12. All of the tower mounted specimens
were recovered, and it was possible to obtain curves of depth of metal
loss versus distance from the burst point for each of the specimen
types. The maximum metal loss from the steel spheres was O.4 inch; from
the aluminum spheres, 1.3 inch; and from the steel cylinders, 0.26 inch
(at the center).)\ Several types of ceramics were inserted in some of
the aluminum spheRes; however, because of heavy blast damage, the data
on ceramics vulnerability were only qualitative, indicating only that
the ceramics were somewhat less vulnerable to material loss than alumi-
num. Because of the limited scope of the lethality-study program,
relatively few specific conclusions and recommendations can be made on
the basis of test results alone; however, since this method of testing
was shown to be feasible, additional tests which are more comprehensive
should be conducted.

In addition to the specimens exposed within the fireball, small
samples of molybdenum, graphite, and two ceramic materials were exposed
at ranges external to the fireball. The purpose of these exposures was
to determine the thermal-shock-resistant characteristics of various
materials, designed for use as protective surfaces for intercontinental
ballistic missiles, under conditions of rapld heating such as would be
experienced during re-entry of the missile into the atmosphere. A para-
bolic reflector was used at the farthest range to concentrate the thermal
energy on the specimens, The ceramics at the parabolic reflector were
severely glazed, but no thermal-shock damage was observed. The materials
directly exposed at closer ranges sustained sufficient blast damage to
obscure any thermal damage which may have been inflicted on the specimens.
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FOREWORD

This report presents the final results of one of the 56 projects compris-
ing the Military Effects Program of Operation Teapot, which included 14
test detonations at the Nevada Test Site in 1955,

For overall Teapot military-effects information, the reader is re-
ferred to "Summary Report of the Technical Director, Military Effects
Program," WI-1153, which includes the following: (15 a description of
each detonation including yield, zero-point environment, type of device,
ambient atmospheric conditions, etc.; (2) a discussion of project results;
(3) a sumary of the objectives and results of each project; and (4) a
listing of project reports for the Military Effects Program,
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PREFACE

The test described herein was the first test of its kind to be con-
ducted and as such was designed to be rather exploratory in nature.
Hence, only a limited amount of data was obtained. The fact that the
vulnerability data were obtained only for several types of specimens and
under particular environmental conditions should be remembered when using
these data to predict damage under different exposure conditions.

In order to minimize the amount of descriptive detail and the
number of photographs in the main body of the report, Appendix A was
included to serve as a repository for the description and photographs of
the damage to each individual specimen. The major results and general
descriptions of the damage are summarized in Chapter 3. Consequently,
only the reader interested in the peculiarities of the damage to indi-
vidual specimen< need refer to Appendix A, Appendix B comprises a
discussion of the trajectories of the lethality-study specimens and
Appendix C, a brief description of the damage to the various shot towers
used during Operation Teapot.

Project 5.4 was conducted under the direction of the Project Offi-
cer, Captain R. B, Ferguson, USAF, of Wright Air Development. Center.
Contractual support was provided by the University of Dayton on Contract
AF 33(616)-2664 under the supervision of E. J. Freeh with the author
acting as Project Engineer. Among the many who contributed significantly
during the initial planning of the Project were: J. F. Magee, University
of Notre Dame; E, J. Zadina, Special Weapons Cenver; B. R. Suydam, lLos
Alamos Scientific Laboratory.

The support of R. D. Holbrook, W. B, Graham, and B. W. Augenstein
of Rand Corporation in assisting in the design of the lethality study
is gratefully acknowledged., W, F, Radcliffe and M., L. Streiff of Con-
valr were instrumental in bringing the thermal-shock study of ceramics
to practical completion. The author wishes to thank the personnel of
the U. S. Naval Radiological Defense Laboratory, Thermal Radiation
Branch, for supplying the specially designed radiometers and calorimeters
to Project 5.4 and, also, for their suggestion of using the parabolic
reflector. The interest, generous assistance, and outstanding coopera-
tion of the Program 5 Director, Cdr. Charles C, Hoffman, USN, contributed
immeasurably to the successful completion of the test.
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Chapter |
INTRODUCTION

1.1 OBJECTIVE

Project 5.4 comprised two investigations: a lethality study and a
thermal-shock study. The objective of the lethality study was to deter-
mine the thermal lethality of a nuclear fireball as applied to basic
missile structures such as spheres and cylinders. This knowledge should
permit a preliminary estimation of the lethal range of a nuclear fire-
ball employed to defend friendly target areas against enemy intercon-
tinental ballistic missiles of the Atlas type or smallier missiles of the
V-2 class which may be capable of carrying nuclear warheads.

The purpose of the thermal-shock study was to determinez the thermal
shock resistance of various ceramic materials exposed to thermal flux
intensities of approximately the same magnitude as fluxes produced by
the aerodynamic heating of an intercontinental ballistic missile of the
Atlas type during re-entry of the missile into the atmosphere. The
data obtained from exposure of these ceramic materials will be of pri-
mary value in the design of heat-resistant coatings for intercontinental
ballistic missiles,

1.2 MILITARY SIGNIFICANCE

The fact that intercontinental ballistic missiles are nearing
reality, with the consequent threat to the security of the nation,
makes the development of an adequate defense system an urgent require-
ment. Considerable thought has been given to the problem of protecting
against hostile intercontinental ballistic missiles; however, partly
because of the scarcity of wvulnerability data, there is at present no
positive method of defense., Because of the high velocity and the
variety of evasive tactics that can be employed, the problem of inter-
cepting and destroying a ballistic missile of the Atlas type imposes
severe requirements on the hypothetical defense system. Because of the
magnitude of the anticipated average miss distance, it is doubtful that
conventional warheads have sufficiently large lethal radii to give a
reasonable overall probability of successful interception.

It was speculated that a nuclear warhead may have a greater lethal

range of destruction than conventional warheads in the application of
ballistic missile defense. However, because of the lack of factual
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information on the capabilities of nuclear weapons employed in this
manner, it was suggested that an experimental test be conducted.

1.3 BACKGROUND AND THECRY

Determination of the capabilities of a nuclear weapon used as a
defensive warhead for intsrception of intercontinental ballistic
missiles has been strongly advocated by many since the initial test
proposal in December of 1953. This proposal stemmed from suggestions
by Project Wizard personnel of the Willow Run Research Center who were
working on the general problem of missile defense. The propoced test
was comprrehensive and included using various types of rockets fired in
several salvos 30 as to enter the fireball at predetermined times after
detonation.

As a result of several meetings held in connection with the problem
of ballistic missile defense, it was agreed that the proposal was more
comprehensive than was warranted for an initial investigation and that a
simple and more basic type of test should be conducted. The test sug-
gested was designed primarily to investigate the thermal lethality of a
nuclear explosion with respect to basic metal and ceramic structures.
Spheres were selected as the primary test structure because of their
simplicity, insensitivity to orientation, and moderate coefficient of
drag. Analysis of the missile defense problem indicates that inter-
ception would probably take place at high altitude, in which event,
because of the low air density, the overpressure and drag forces may be
considerably less effective than the accompanying thermal energy in
destroying a ballistic missile. A small-yield weapon was detonated at
36,620 feet during this operation and should provide some useful data
pertinent to this problem. A higher-altitude burst is being planned for
a future test and should yield information from which it will be possible
to predict more accurately the lethal range of a nuclear explosion at
high altitude.

Personnel working on the problem of ballistic missile defense
suggested that hollow steel cylinders also be exposed at ranges within
the fireball to investigate the possibility of a thermally induced
shock wave in the cylinder wall causing internal failure or spalling
and also to investigate metal loss from this type of configuration.

At the time of the planning phase of this program there had been
little theoretical work done on evaluating the response of a ballistic
missile in the vicinity of a huclear fireball because of lack of factual
information on thermal and blast phenomena of a nuclear explosion at
high altitude and because of insufficient information regarding the
behavior of materials exposed to high thermal fluxes, It is generally
agreed that in order to intercept effectively an intercontinental
ballistic missile it must be intercepted early in its re-entry stage,
probably above 100,000 feet. Although altitude and yield scaling laws
do exist, there are many who question their validity, and, as a conse-
quence, calculations based on these scaled inputs have been looked upon
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with skepticism, It is, however, agreed that at high burst altitudes
the partition of energy released would change and yleld less blast
energy and more thermal energy. It was for this reason that it was
decided to evaluate primarily the effects of thermal energy on ballistic
missiles,

An important factor in determining the amount of metal lost from
the surface of a missile exposed to high intensity thermal radiation
is the opacity of the vaporized metal lost during the initial radiation.
This factor is probably the least well known, and it was believed that
the only way to obtain values of metal loss would be actually to measure
the metal loss during a full-scale nuclear test rogram. It was specu-
lated that, from analyses of measurements of the metal loss incurred in
a nuclear fireball, it would be possible to obtain relative values of
opacities of particular materials,

Effects based on a theoretical analysis of the problem of fireball
lethality, even for the simple case of material loss from a solid
sphere, are at best only estimates. Some of the factors that are pre-
sently not well enough understocd to permit accurate calculation are:
an adequate knowledge of conditions within the fireball as a function
of distance and time for various burst altitudes; the methods of heat
iransfer into the material; the response of material subjected to heat
fluxes of .he magnitude expected; the opacity and, therefore, the
thermal attenuation caused by the vaporized material; and the influence
of chenic2l reaction. From the empirical data obtained in this test,
it may be possible to deduce qualitative information regarding most of
the above factors; further theoretical and experimental work will be
required for the quantitative conclusions ultimetely desired.

The thermal-shock study using ceramic specimens was an outgrowth
of work on the design of heat-dissipative systems for friendly inter-
continental ballistic misc*les of the Atlas type. Because of the high
velocity of such missile upon re-entry into the atmosphere, there is a
great problem of dissipating the energy generated by aerodynamic heating.
Theoretical calculations of the aerodynamic heating indicated that the
intensity was of approximately the same ma-nitude as the thermal flux
obtained in the proximity of a muclear fireball.

Among the proposed methods of ¢oping with the high heat fluxes
experienced during re-entry were (1) the evaporation of a coolant as in
porous cooling, (2) the use of materials capable of withstanding the
high temperatures and, (3) allowing the surface material to absorb the
energy with the consequent loss of metal through melting, vaporizing,
oxidizing, or other processes. Because porous cooling appeared to offer
the best promise, it was Initially suggested that model nose-cone sec-
tions with porous cooling be exposed. However, primarily because of
insufficient time, it was decided that nose-cone models could not be

incorporated in the test; as a consequence, it was proposed that speci-
mens of ceramics designed for coating various parts of the missile-
structure be exposed to study their behavior when subjected to extremely
high thermal fluxes.
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Chapter 2
PROCEDURE

The test specimens for the lethality study were solid spheres 10
inches in diameter and hollow cylinders 10 inches long and 5 inches in
diameter. These wocre exposed within a nuclear fireball to determine
the vulnerability of these configurations to such an exposure. Both
steel and aluminum were selected to be tested in the spherical struc-~
tures; however, only steel was used in fabricating the cylinders.
Several types of ceramics were also exposed in the form of inserts in
some of the aluminum spheres. These specimens represent some basic
structures and materials which could be an integral part of a typical
intercontinental ballistic missile. The specimens were mounted atop
each of five light television towers, Four of the tower tops were
positioned so as to be in the fireball and the fifth just outside the
fireball of Shot 12, the military-effect tower shot. The predicted
yield of the shot was 26 KT.

The specimens for the thermal shock study were flat ceramic plates
rigidly mounted at four ranges external to the fireball in order to
determine the thermal-zhock resistance under high thermal fluxes. At
three ranges the ceramic specimens were directly exposed on rigid
mounts; whereas at the fourth, the most-remote range, the specimens were
positioned at the focal point of a large parabolic mirror, which was
oriented towards the burst point. A pictorial presentation of the over-
all test array is given in Figure 2,1, There was no time-history re-
sponse instrumentation attempted on any of the test specimens. Two
measurements of the thermal inputs were attempted at the closer station
of the thermal-shock study.

2,1 LETHALITY STUDY

The spherical and cylindrical specimens used for the lethality
study were exposed atop towers having heights of 348, 296, 244, 192, and
140 feet positioned at ground ranges of 60, 120, 180, 240, and 300 feet,
respectively. A line through the tops of the towers and the shot cab
was at an angle of elevation of 41°. These towers were standard light-
weight guved television towers made by the Dresser Equipment Co.,
Florence, California. The towers were of triangular cross-section,

2 feet on a side, and were fabricated in 20-ft lengths, which,were
bolted together during erection. The towers were relatively inexpensive;
the total cost including bases and erection on the site was about
$20,000.

The positioning of the towers was determined from the predicted
rate of fireball rise and growth so that the four towers which were
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Figure 2,1 Layout for Lethality Study and Thermal-Shock Test

nearest to the shot tower would be in the fireball and the farthest
tower just outside the fireball. 1In order that the test specimens
would not interfere or collide with one another during exposure, the
towers were positioned on separate azimuths from ground zero at 5° inter-
vals. In an attempt to extend the lethality data to closer ranges, one
steel and one aluminum sphere were placed in the shot cab. To determine
if a fireball cpike might travel down the TV towers, a solid steel ball
was placed on the base of Tower 1. The deployment of the specimens for
the lethality study is given in Table 2.1, Figure 2,2 shows a typical
tower installation and the relative spacing of the specimens. The
specimen mounts were designed to minimize the transmittal of forces

from the crossbeam ard mounting fixtures to the specimens. A 1/2 in.
bolt was used to support each sphere such that the bottom of the sphere
was 3 inches above the crossbeam, FEach cylinder was attached to the
steel mounting strap by two 1/4 in. machine screws. The mounting straps
were 1/4 in. thick and 1-in. wide and were spaced about 1/8 inch from
the end of the cylinder by two 1/4 in. washers.

In order that the test specimens could be distinguished from one
another after exposure in such an extreme environment as the fireball
of a nuclear explosion, it was necessary to provide means of post-shot
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identification. To accomplish this a numbered slug was inserted in the
center of each specimen. If the specimens remained intact after ex-
posure, the numbered slug could be removed and positive identification
affected, In the event that only small portions of the specimens would
be found, the specimens were made from materials selected so as to have

TABLE 2,1 DEPLOYMENT OF SPHERICAL AND CYLINDRICAL TEST SPECIMENS

Tower |Tower | Ground | Steel |Aluminum | Ceramic | Cylinder Wall
No. |Height | Range | Azimuth| Spheres|Spheres | Insert | Thickness (in)
(rt) (fs) Spheres | Left¥ | Right¥
Shot
Tower | 400 12.3 N4LSE X X
1 348 60 N70E X X X 2,0 2.0
2 296 120 N65E X X X 2.0 1.5
3 24, 180 N6CE X X X 1.5 1.0
I 192 240 N55E X X X 1.0 0.5
5 140 300 N50E X X X
1(vase)| o 60 N70E X

* Facing the Shot Tower

different but closely related compositions. Comparison of pre-shot and
post-shot chemical analysis could then provide identification of the
specimens. The materials selected for the steel specimens were in the
range of from 1015 to 1060 steel. The aluminum specimens were made
from two different heats each of three different aluminum alloys,

TABLE 2,2 SUMMARY OF MATERIALS USED IN FABRICATION OF SPECTMENS

Spheres
Tower Ceramic Steel Cylinders
No. Stesl Aluminum Insert Left Right
Shot
Tower 1025 201L4-T6
1 1033 7075-T6 7075-T6 1015 1045
2 1050 1 J61-Té 6061-T6 1025 1055
3 1015 2014-Té* 20114-T6%* 1020 1045
N 1040 7075-Té* 7075-T6* 1018 1055
5 1055 6061-Té* 6061-T6*
1 (base) 1060

* These materials were from a different heat than their corresponding
alloys.

2014~T6, 6061-T6 and 7075-T6. A summary of the particular material
used for each specimen is given in Table 2.2.

2.1.1 Spherical Specimens. Three different types of spherical
specimens were exposed: solid steel, solid aluminum, and aluminum with
ceramic inserts, all of which were 10 inches in diameter. The latter
spheres contained two inserts of a ceramic developed by the Battelle
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